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The Signal Transduction and Activation of RNA (STAR) protein family regulates different levels of RNA
metabolism. STAR proteins have been shown to act as homodimers, and the structure of the QUA1 dimer-
ization region of the GLD-1 protein described in this issue (Beuck et al., 2010) provides a link between
homodimerization and the selection of RNA targets.STAR proteins are involved in many
aspects of RNA metabolism, including
splicing, mRNA degradation, and transla-
tional control, and bind specifically
to single stranded (ss) RNA (Chenard
and Richard, 2008; Vernet and Artzt,
1997). The STAR motif contains a KH
domain—a ss sequence-specific nucleic
acid-binding motif—plus either the QUA2
or both the QUA1 and QUA2 conserved
auxiliary motifs (Figure 1A) (Vernet and
Artzt, 1997). The carboxy terminal QUA2
motif, which is common to all STAR family
members, packs on one side of the KH
domain and extends the KH RNA-binding
surface (Liu et al., 2001). The amino
terminal QUA1, which is absent from the
SF-1-related STAR subfamily, is a homo-
dimerization motif (Ryder et al., 2004).
In this issue of Structure, Beuck et al.
(2010) describe the homodimeric QUA1
region of the C. elegans GLD-1 protein
and explain how protein dimerization
could affect the recognition of composite
motifs within GLD-1 target RNAs.
The complex regulation of mRNA
metabolism in metazoa relies on a set
of multifunctional proteins that can
recognize the RNA targets using multiple
copies of the same RNA-binding fold.
KH domains are a case in point: 62%
of human KH-containing proteins present
in the SMART database have more than
one copy of the domain, while in bacteria,
where mRNA metabolism is simpler,
this percentage is down to 20%. An
increase in affinity and specificity for the
RNA target can be also provided by the
dimerization of proteins containing RNA-
binding domains, of which STAR proteins
are one of the best studied examples.
Interestingly, the RNA binding affinity of
a single KH-QUA2 motif is higher than
the one of an isolated KH domain but
lower than the one of a multi-KH-domaincontaining protein, Kds 1 mM have
been measured for the SF1 and GLD-1
STAR proteins (Liu et al., 2001; Ryder
et al., 2004; Valverde et al., 2008). Indeed,
the QUA2-extended RNA-binding surface
allows for binding of nine nucleotides and
specific recognition of six, instead of the
four recognized by a KH domain (Liu
et al., 2001; Valverde et al., 2008). The
higher affinity and specificity of the
KH-QUA2 module and our molecular
understanding of the SF1-RNA interaction
indicate that KH-QUA2 can function as
a monomeric RNA recognition element.
GLD-1 controls the mitosis/meiosis
switch during germ cells development
and the sperm/oocyte transition in her-
maphroditic C. elegans by downregulat-
ing translation of the mRNAs codifying
for GLP-1, a Notch signaling receptor,
and TRA-2, a global sex-determination
regulator (Kimble and Crittenden, 2007).
GLD1 recognizes a target sequence
located in the 30 untranslated region (30
UTR) of glp-1 and tra-2 mRNAs using its
STAR domain; this recognition defines
the specificity of GLD-1 function (Kimble
and Crittenden, 2007; Ryder et al.,
2004). Further, GLD-1 interacts with RNA
as a homodimer in vitro (Ryder et al.,
2004) and dimerization is essential for
protein function: when a frog homolog
of GLD-1, Xenopus quaking (Xqua), heter-
odimerizes with its KH domain-lacking
mutant, anterior/axial development of
Xenopus embryos is disrupted (Zorn
and Krieg, 1997). Dimerization is com-
mon to other members of the STAR
domain family also involved in transla-
tional repression and alternative splicing
(Chen et al., 1997). Understanding how
STAR homodimerization controls recog-
nition of specific target element(s) in the
30 UTR of mRNA could help provide
a general model for the role of STARStructure 18, March 10, 2010domains in cellular differentiation and
embryonic development.
GLD-1 dimerization is mediated by the
QUA1 element (Ryder et al., 2004). In their
article, Beuck and coworkers (2010) use
a combination of nuclear magnetic reso-
nance (NMR) spectroscopy and X-ray
crystallography to characterize the struc-
ture of the QUA1 motif of GLD-1 and
to validate the dimer conformation in
solution. The QUA1 motif does not form,
as predicted for homologs of GLD-1,
a long coiled-coil homodimer (Chen and
Richard, 1998). Instead, each protomer
comprises two antiparallel a helices sepa-
rated by a turn (helix-turn-helix), and the
two protomers interact via a hydrophobic
patch and two hydrogen bonds. Muta-
tional studies by the authors confirm
existing biological data and suggest that
GLD-1 QUA1 looses its dimeric state
simultaneously to the fold of individual
protomers (Beuck et al., 2010).
Why is the increase in the affinity in
STAR proteins mediated by homodimeri-
zation rather than by the repetition of
two RNA-binding modules within one
polypeptide chain? In other systems,
dimerization of RNA binding domains
serves as an additional regulatory mecha-
nism. For example, dimerization of U1A
protein on the polyadenylation inhibition
element of u1a mRNA creates a site for
poly(A) polymerase (PAP) interaction and
inhibits the function of this enzyme,
providing a mechanism of negative self-
regulation (Varani et al., 2000). However,
in the case of GLD-1, the QUA1-KH-
QUA2 protein binds to target mRNAs as
a preformed dimer (Ryder et al., 2004).
Further, the two KH-QUA2 units in the
dimer are likely to make contact when
bound to RNA (Ryder et al., 2004), and
data existing on another KH-KH homo-
dimer, the symmetric KH3-KH3 Nova-1ª2010 Elsevier Ltd All rights reserved 279
Figure 1. Architecture of STAR Domain and Possible Modes of
STAR-RNA Interactions
(A) STAR consists of a central KH domain (green) flanked by an N-terminal
QUA1 (orange) and C-terminal QUA2 (blue) motifs.
(B and C) The assembly of the KH domains within a STAR motif could be
important for defining the target. An asymmetric homodimer (B) would bind
a single TGE element with an asymmetric bipartite consensus sequence, while
a symmetric homodimer (C) could bind to more distant TGE sequences.
Structure
Previewssystem (Ramos et al., 2002),
suggest that also in GLD-1
a symmetric KH-KH arrange-
ment may exist. However,
the rationale of a sequence-
specific homodimer selecting
an asymmetric bipartite con-
sensus sequence such as
the one of the GLD-1 target
is not clear (Figure 1B); the
authors clarify that, in a sym-
metric GLD-1 dimer, a single
bipartite sequence could
not bind both monomers, as
the distance between the
two conserved motifs is at
least six nucleotides short.
Therefore, if the protein binds
as a fully symmetric dimer,
it is more likely to bind
two separate TGE elements,
acting as an architectural fac-
tor (Figure 1C). Indeed, many
real and putative GLD-1
targets have multiple copies
of conservative or relaxed
consensus sequences (Ryder
et al., 2004). Targeting sym-
metric binding sites may
represent a rationale for the
use of a dimeric regulatory
protein rather than a mono-
meric multidomain one.
The work presented by
Beuck et al. (2010) shows
that the amino acids most
important for dimerization are
conserved in other members
of the STAR family. It would
be interesting to test if the
QUA1 motifs from different
STAR proteins (e.g., human
QKI and Sam68) are able to
heterodimerize. Heterodime-
rization of the GRP33/Sam68
and GDL-1/Qk1 proteins has
been reported and although
is unlikely to take place
in vivo (Chen et al., 1997),
this information may shed
light on the contributions
of the different domain to
self-association. The identifi-cation of a consensus GLD-1-binding
sequence allowed to identify 20 puta-
tive mRNA targets expressed in the
C. elegans germline (Ryder et al., 2004).280 Structure 18, March 10, 2010 ª2010 ElseThe broad spectrum of targets identified
in this and other studies hint that STAR
proteins regulate multiple target mRNAs
at different processing steps and highlightvier Ltd All rights reservedthe necessity for an accu-
rate and complete molecular
rationale of STAR domain-
RNA recognition. Under-
standing the organization
and RNA-binding specific-
ity of the QUA1-KH-QUA2
STAR element is the next
challenge, and the multi-
technique approach used by
Beuck et al. (2010), coupled
with functional analysis, has
the potential to provide
important information on the
large and flexible system
under investigation.REFERENCES
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